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Abstract. Neuro-Symbolic approaches bring together symbolic logic and neural network-based machine learning. This has the
potential to build robust reasoning systems. However, the field faces challenges due to diverse design approaches and evaluation
methods. We address the latter challenge by emphasizing the critical requirement for a comprehensive benchmark framework
tailored to the unique evaluation needs of neuro-symbolic reasoning systems. We highlight the importance of such benchmarks
and discuss essential criteria, including metrics, dataset selection, and the formulation of reasoning tasks. This work contributes
towards a more systematic and principled evaluation framework for neuro-symbolic reasoning, highlighting the broader role of
benchmarks in advancing the field.
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1. Introduction

Neuro-symbolic Artificial Intelligence (AI) [1, 2] is a promising field that aims to bridge the gap between tra-
ditional symbolic logic and modern neural network-based machine learning. The idea is to combine the strengths
of both approaches while overcoming their weaknesses. The focus of this paper lies within the realm of neuro-
symbolic reasoning. At its core, neuro-symbolic reasoning involves integrating symbolic reasoning, which relies on
structured logic and formal knowledge representation, with neural network-based methods known for their capacity
to process large-scale, unstructured data and learn complex patterns from it. This fusion holds the potential for de-
veloping systems with enhanced performance, explainability, and generalization abilities [3]. It’s important to note
that these approaches, unlike traditional reasoning methods, are not necessarily sound and complete. Instead, they
strike a balance between approximating the precise reasoning capabilities of symbolic systems and harnessing the
robust learning capabilities of machine learning techniques.

However, progress in this field faces significant challenges because neuro-symbolic reasoning is emerging, in
contrast to other areas with extensive research and well-established benchmarks. For instance, several models (Graph
Neural Networks (GNN) [4], Logic Tensor Networks [5]), methodologies (Inductive Logic Programming [6]) and
innovative ideas (explainable Al [7], zero-shot learning [8]) enrich this field. As a result, existing works in this field
exhibit diversity in techniques, and hence, different methods and criteria are used to evaluate the performance of
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neuro-symbolic reasoning systems (see Table 1). The lack of a standardized approach makes it difficult to compare
these systems and make progress in the field. Furthermore, based on the reciprocal relationships between neural and
symbolic components and how they benefit each other, neuro-symbolic reasoning systems, and in general neuro-
symbolic Al systems, can be categorized into one of the five distinct categories [9].

— Symbolic Neuro Symbolic: In this category, input and output are in symbolic form, and processing relies on
neural networks, often including Natural Language Processing-based systems.

— Symbolic[Neuro]: Symbolic solvers use neural models internally for some functions, as seen in systems like
AlphaGo [10].

— Neuro U compile[Symbolic]: These approaches take symbolic rules as input and compile them during train-
ing, effectively integrating symbolic knowledge into the structure of neural models, as demonstrated in Deep
Learning For Symbolic Mathematics [11].

— Neuro — Symbolic: This category involves a refined integration of neural and symbolic approaches, where both
systems collaborate to enhance specific tasks, such as in the case of Neuro-Symbolic Concept-Learner [12].

— Neuro[Symbolic]: Refers to the embedding of symbolic reasoning inside a neural engine, such as Graph Neural
Networks (GNN).

Each of these categories represents a unique approach to neuro-symbolic Al, adding an extra layer of diversity to
the advancements in this field.

Drawing inspiration from Jim Gray’s pioneering work [13] on domain-specific benchmarks for databases, our goal
is to tackle the challenge of benchmarking neuro-symbolic reasoners. The primary purpose of such a benchmark
is two-fold. Firstly, it serves as a tool to identify the performance bottlenecks, enabling targeted improvements in
the systems where algorithms are still evolving. Secondly, benchmarks facilitate meaningful comparisons between
various systems, offering insights into their relative strengths and weaknesses. While this paper does not put forth
an alternative benchmark, we highlight the strong need for such benchmarks, including their features, and explain
why they are essential for moving the field forward.

In the following section (Section 2), we delve into the recent advancements in neuro-symbolic reasoning, high-
lighting the challenges in evaluating and comparing the existing state-of-the-art neuro-symbolic reasoners. Subse-
quently, in Section 3, we address the barriers that must be overcome to facilitate the effective evaluation of neuro-
symbolic reasoners.

2. Neuro-Symbolic Reasoning for Description Logics

In recent years, there have been significant advancements in developing neuro-symbolic reasoners for description
logics (DLs) [14], a formal underpinning for the Web Ontology Language (OWL 2) [15]. While most of these works
predominantly focus on classification and consistency checking [16—18], the other reasoning tasks, such as instance
retrieval, query rewriting, materialization, abduction, and explanation generation, remain relatively unexplored. The
intricacy of these tasks varies significantly, and delving into their complexities offers a promising avenue for further
exploration.

Research in this domain takes an alternative approach to traditional reasoning tasks such as classification and
consistency, breaking them into class subsumption, class membership, and satisfiability tasks. Various techniques
are employed, such as geometric embeddings [19-22] that map ontological relationships to geometric spaces and
emulating logical reasoning through machine learning [23-25]. A comprehensive overview and detailed insights
into the state-of-the-art neuro-symbolic reasoning landscape are discussed in [17, 18]. Regarding other categories,
a limited amount of work, such as that for e-commerce search [26], merges neuro-symbolic reasoning with query
rewriting. This involves a Knowledge Graph (KG) [27] enhanced neural network approach that integrates auxiliary
knowledge from a product Knowledge Graph, enhancing semantic understanding of user queries and improving
query reformulation.

The existing traditional benchmarks such as LUBM (Lehigh University Benchmark) [28], UOBM (University
Ontology Benchmark) [29], and OWL2Bench [30] lack suitability for evaluating neuro-symbolic reasoners due to
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their narrow focus on conventional reasoning tasks. Traditional evaluations of reasoning systems often rely on met-
rics such as reasoning time, which may not align well with the evaluation requirements of neuro-symbolic reasoners.
Although the ontologies of these benchmarks, along with those from the OWL Reasoner Evaluation (ORE) Com-
petition [31], can serve as initial datasets for the proposed neuro-symbolic benchmark framework, these datasets
fall short of addressing the distinct challenges posed by neuro-symbolic reasoning. To our knowledge, no bench-
marks or evaluation frameworks have been designed to evaluate and compare neuro-symbolic reasoning systems.
Most reasoner evaluations are performed on different publicly available ontologies, including but not restricted to
SNOMED CT!, Gene Ontology (GO)?, and Galen?, as well as other ontologies available in public repositories such
as DBpedia [32], YAGO [33], Wikidata [34], Claros*, NCBO Bioportal®, and AgroPortal®. However, these offer a
limited set of ontologies for evaluation, which does not cover the full spectrum of possible scenarios.

As discussed in Section 1, neuro-symbolic approaches encompass a range of evaluation methodologies and rea-
soning techniques. This diversity becomes evident in Table 1, highlighting the necessity for a dedicated benchmark
to systematically and comprehensively assess the performance of neuro-symbolic reasoning systems. The table re-
veals the utilization of subsets of description logics, such as ALC and ££ 7, and various OWL 2 profiles like EL
and RL [35]. Some works also incorporate RDF and RDFS into their reasoning techniques, underlining the diver-
sity in the supported ontology languages and profiles, which implies that existing works handle different levels of
complexity. Furthermore, the table showcases the variety of reasoning tasks undertaken, different datasets utilized,
and the diverse metrics employed for evaluating each approach. The summary column in Table 1 highlights the
differences in techniques used by each work. It is important to note that the paper does not aim to provide an ex-
haustive list of all the existing work. Instead, it emphasizes the variations in reasoning and evaluation approaches.
The collective representation highlights the pressing need for a standardized benchmark to facilitate fair and con-
sistent comparisons, thereby advancing the progress of neuro-symbolic reasoning research. The table reveals that
similar works may differ significantly by employing distinct metrics and datasets to evaluate their contributions. For
instance, consider the works of Makni et al. [25] and Ebrahimi et al. [24]. Both studies focus on RDFS entailment
reasoning, aiming to replicate deductive reasoning processes. However, they adopt different metrics and datasets
to assess the effectiveness and performance of their approaches. Such variations in evaluation criteria can lead to
diverse insights and perspectives on the contributions within the field.

Paper Logic  Reasoning Datasets Metrics Summary of Approaches
Task Used Used

ELEm [19] ELTT  Subsumption GO Hits@n, To capture entity relation-

AUC, Mean ships, embeddings were cre-

Rank ated by representing Con-

cepts as n-balls and the re-
lations as translation vectors
between the centers of each
Concept ball. The embed-
dings were utilized to pre-
dict protein-protein interac-
tions.

Thttps://bioportal.bioontology.org/ontologies/SNOMEDCT
2https://bioportal.bioontology.org/ontologies/GO
3https://bioportal.bioontology.org/ontologies/ GALEN
“https://www.clarosnet.org
Shttps://bioportal.bioontology.org/
Shttp://agroportal.lirmm.fr/
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EmEL " [20] gLt
EmEL-V [21] gLt
BoxEL [22] ELtt
Ozcep et al. [36] ALC
E2R [37] ALC
Makni and RDFS
Hendler [25]
Ebrahimi et RDFS
al. [38]
Ebrahimi et RDFS
al. [24] and
ELT
Hohenecker and OWL
Lukasiewicz [39] 2RL

Subsumption

Subsumption

Subsumption

Concept
Membership

Concept
Membership

Entailment
Reasoning

Query-based
Classifica-
tion

Entailment
Reasoning

Entailment
Reasoning

SNOMED
CT, Anatomy,
GO, Galen

SNOMED
CT, GO,
Galen

Anatomy,
GO, Galen

NA

LUBM

LUBM and
Scientist
dataset  cre-
ated from
DBpedia

Created from
Linked Data

Cloud and
Data Hub
websites
Synthetic
Data and
LUBM
Claros, DB-
pedia, UMLS,

and Synthetic
Data

Hits@n,
AUC, Median
Rank, 90
percentile
rank

Top@n,
Median

Rank, 90
percentile
rank

Hits@n,
AUC, Mean
Rank

NA

Hits@n,
Mean Rank,
MRR

Precision, re-
call, and F1-
score

Precision, re-
call, and F1-
score

Exact Match-
ing Accuracy

Accuracy

Extended ELEm with re-
lation inclusion and role
chains. Also introduced neg-
ative samples for training.

Extended EmEL*™ to in-
clude many-to-many rela-
tionships

To capture entity relation-
ships, mapped concepts as
boxes and deals with the
limitations of n-ball [19-21]
based embeddings.

Embeds Concepts in the on-
tology as convex regions in
vector spaces.

Aiming to preserve the log-
ical structure, proposed em-
beddings in the quantum
space.

The evaluation focused on
assessing noise tolerance
by employing an encoder-
decoder architecture to
translate input RDF graph
embeddings into  corre-
sponding inference graph
embeddings.

Explored the capabilities
of end-2-end memory
networks. The model’s
capability for multi-hop

reasoning is demonstrated.
The use of normalized em-
beddings support transfer.
Utilized pointer networks
for learning the sequen-
tial application of inference
rules used in many deductive
reasoning algorithms.
Developed a deep learning-
based model called Recur-
sive Reasoning Networks
(RNN).
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Eberhart et ELT Ontology Synthetic Precision, re- Showcases completion
al. [23] Completion  Data and call, and F1- reasoning behavior using
(concept in- SNOMED score various LSTM neural net-

clusions and works to learn reasoning

existential patterns, employing three

restrictions) distance measures to assess

prediction accuracy.

Makni et al. [40] RDFS  Explainable @ LUBM and Accuracy Built upon the previous
Entailment real-world work [25] for generating

Reasoning scholarly explanations for the derived

dataset conclusions by taking the

RDF graph and inferred
triples as input and the
explanations as the target.

Hohenecker and RDF Concept LUBM, F1 score and Proposed Relational Ten-
Lukasiewicz [41] Membership UOBM, Accuracy sor Network (RTN). Em-
and Relation Claros, DB- beddings of the individu-
Prediction pedia als are computed by apply-

ing RTNs on the Directed
Acyclic Graph representa-
tion of the ontology (includ-
ing the inferences).

Farzanaetal. [26] RDF Query Created from Precision, Proposes a  Knowledge
pruning user search Recall, and Graph (KG) enhanced ap-
and com- logs from F-score, proach for query rewriting
plete query eBay Inc. and query in e-commerce, leveraging
rewriting accuracy, RDF2Vec entity embed-

dings, entity types, category
information, and entity
frequency extracted from a
product KG.

Table 1: Overview of Variations in Neuro-Symbolic Reasoning and Evaluation Approaches

To further highlight the diversity in the current approaches, we classify the works mentioned in Table 1 into one
of the five distinct categories discussed in Section 1. [23-25, 38, 40, 41] take symbolic reasoning rules as input and
compile them during training (Neuro U compile[Symbolic]), integrating symbolic knowledge into neural models.
[19-22, 36, 37] embed symbolic reasoning inside neural engines, representing symbolic information in geometric
or vector spaces and employing neural methods for reasoning tasks (Neuro[Symbolic]). Additionally, [26] falls into
the category involving a refined integration of neural and symbolic approaches to enhance query rewriting (Neuro
— Symbolic).

3. Desiderata for Benchmarking Neuro-Symbolic Reasoners

Creating an effective benchmark demands careful consideration of critical principles such as simplicity for acces-
sibility, portability for impartial assessments across various approaches, scalability to accommodate diverse system
sizes, and relevance to reflect practical challenges in benchmark scenarios [13]. However, the evaluation of neuro-
symbolic reasoners presents its own set of distinctive challenges. Given the field’s novelty, state-of-the-art solutions
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do not approach such challenges systematically. Therefore, we advocate below the issues that should be prioritized
in constructing a fair neuro-symbolic reasoning benchmark.

1. Diverse benchmark scenarios
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Neuro-symbolic reasoning is a sophisticated Al method aiming to make sense of complex application do-
mains. Thus, to comprehensively evaluate neuro-symbolic reasoners, the benchmark should represent such
complexity by including diverse ontologies that vary in size (Abox and TBox), profile, and axiom types. Dif-
ferent neuro-symbolic reasoners work differently. Therefore, the benchmark scenarios should also include
specific reasoning tasks as well as generic information needs that can be implemented differently. While the
former paves the road to micro benchmarking, the latter will ensure comparability across heterogeneous neuro-
symbolic architectures. Finally, it is important for the benchmark to be scalable and realistic. The benchmark
scenarios should follow real-world use cases. However, the benchmark should be able to scale beyond the
existing requirements to foster technological progress in neuro-symbolic reasoning.

. Introducing controlled inconsistencies

An intriguing challenge in benchmark design is to enable the benchmark to generate controlled inconsistencies
or even paradoxical scenarios in a deterministic manner. While the importance of this feature is recognized, it’s
noteworthy that existing benchmarks may not yet possess the capacity to introduce generic inconsistencies in
a manner congruent with the context of repair. Additionally, ensuring the reproducibility of such inconsistency
generation poses significant difficulties. Surprisingly, conventional generative Al models like Large Language
Models [42] are not suitable for this purpose. This highlights the unique demands of creating benchmark
scenarios that emulate real-world inconsistencies yet remain controlled and reproducible.

. Input representation

One of the pivotal challenges in neuro-symbolic reasoning is the representation of information in terms of
embeddings. Traditional embedding techniques such as TransE [43], although powerful, were not initially
designed to retain logical information. This leads to partitioning the knowledge representation into ABox (as-
sertional knowledge) and TBox (terminological knowledge). To address this, the initial step towards creating
a well-founded reasoner involves engineering an embedding method that can effectively capture logical rela-
tionships and nuances. However, imposing a specific representation within the benchmark may be counterpro-
ductive unless its objective is testing specific neurosymbolic properties. The selection of the appropriate input
representation plays a crucial role in ensuring that the benchmark’s evaluation environment mirrors real-world
scenarios, aligning with the amalgamation of neural networks and logical reasoning.

. Assessment of the deductive capabilities of existing approaches

In the trajectory towards developing a new generation of reasoners that effectively harness the potential of
both neural networks and logical reasoning, a foundational requirement involves conducting an equitable as-
sessment of state-of-the-art solutions. The existing approaches have showcased promising minimal deductive
capabilities. It is critical to ascertain how these models can push their deductive boundaries. This assessment
provides insights into the present capabilities of these approaches and illuminates the trajectory of the field’s
future development. By exploring the limits of these models, researchers can understand the potential path-
ways for enhancing and expanding the capabilities of neuro-symbolic reasoning.

. Success metrics and key performance indicators

The evaluation of neurosymbolic reasoning necessitates the formulation of metrics that accurately gauge
the success of these approaches. Traditional reasoning methods have relied on notions such as soundness,
completeness, and correctness to validate the deductions. However, these terms don’t fit the realm of neuro-
symbolic reasoning due to the approximate nature of their outcomes. To address this gap, there is a compelling
need to develop novel metrics that integrate logical principles of soundness and completeness with statisti-
cal metrics. Innovative metrics like these would provide a detailed and comprehensive assessment of how
well neuro-symbolic approaches perform, blending neural networks with logical reasoning. An ideal neuro-
symbolic reasoner should support the most expressive logic, be transferable to different domains, generate all
and only correct inferences in a single run, and provide explanations for the generated consequences at scale
and with high performance. The benchmark should evaluate the extent to which neuro-symbolic reasoners
manifest these desired features. This evaluation is crucial for understanding the limitations of current systems
and guiding future research directions.
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4. Conclusion and Future Work

We highlighted the significant need for a comprehensive benchmark framework to tackle the challenges tied to
evaluating neuro-symbolic reasoning systems. Merging symbolic logic and neural network-based machine learning
brings great promise, but the lack of common evaluation methods has held back progress in the field. By underlining
the importance of creating benchmarks, our aim for the future is to establish a structured way of evaluating these
systems that can drive the field forward.

When constructing the benchmark, it is important to select reasoning tasks strategically, focusing on challenges
that significantly impact the advancements in the field. Prioritize tasks that are complex and represent the real-world.
The benchmark suite should resemble a versatile toolbox, generating diverse challenges tailored to each task. Given
the rapid evolution of the neuro-symbolic reasoning domain, the adaptability of the benchmark holds significant
importance. It should seamlessly integrate new tasks, ensuring the benchmark remains up-to-date and pertinent.
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